Introduction {#sec1}
============

Tuberculosis (TB) often results in severe economic consequences for TB-affected households.^[@bib1]^ The latest World Health Organization (WHO) End TB Strategy aims by 2020 to reduce to zero the percentage of TB-affected families that face catastrophic costs.^[@bib2]^ However, attaining this target is challenging. In a simulation of eight scenarios, Fuady et al.^[@bib3]^ showed that, although the provision of a cash transfer to TB-affected households would reduce the incidence of catastrophic costs due to TB, the incidence would not reach the 0% target. This failure is due to the high variability of costs between TB patients, particularly those due to income loss. If the value of the cash transfer provided were the same for all patients, it would not be possible to eliminate catastrophic costs. This finding raises the question of whether eliminating catastrophic costs, apart from its importance as a proxy of poverty, is a rational target to be achieved.

There are various definitions of catastrophic costs. Given that eliminating the incidence of catastrophic costs is a target of the WHO End TB Strategy, the definition of TB-related catastrophic costs issued by the WHO is the most appropriate to use. The latest TB costs survey handbook of the WHO defines catastrophic costs as the total costs, that is, all direct and indirect costs, including income loss, that exceed a specific threshold of a household\'s annual income.^[@bib4]^ In Peru, Wingfield et al.^[@bib5]^ showed that TB-related catastrophic costs were associated with adverse TB outcomes and suggested a threshold of 20% of annual household income to define catastrophic costs. However, there is a paucity of evidence from other countries, especially from high TB burden countries.

Indonesia is such a high TB burden country. Despite the availability of free treatment, Indonesia has a high incidence of TB-related catastrophic costs: 36% in TB-affected households and 83% in multidrug-resistant TB (MDR-TB)-affected households.^[@bib6]^ Income loss is the main driver of these costs. Catastrophic costs during the course of treatment may affect treatment adherence and treatment outcomes. Patients may quit treatment altogether or they may interrupt it and thereby extend it, and as a consequence they may fail to be cured or may even die during treatment. Nonetheless, there is no evidence on the impact of catastrophic costs on TB treatment outcomes and treatment adherence from this high-burden country. We aimed to establish the extent to which catastrophic costs in TB-affected Indonesian households affect TB treatment outcomes and adherence.

Methods {#sec2}
=======

Study design {#sec2-1}
------------

To assess the effect of catastrophic costs on patients' TB treatment adherence and outcomes, we conducted a cohort study in three districts in Indonesia, each with a different level of urbanization: Jakarta (urban), Depok (suburban) and Tasikmalaya (rural). In each district we identified all primary health centres (PHCs) that delivered TB treatment services and were also linked to the Indonesian National Tuberculosis Program (NTP). For inclusion in our study, we randomly selected five to eight PHCs per district. In total, 19 PHCs were included. In the baseline study (July--September 2016) we interviewed 282 TB patients ≥18 y of age who had undergone TB treatment for at least 1 month or had completed treatment no more than 1 month previously.^[@bib6]^ One year after the interview, we followed up their TB treatment adherence and TB treatment outcomes. We excluded TB patients whose treatment had not been evaluated and patients who had been transferred to other health facilities.

Treatment outcome and adherence {#sec2-2}
-------------------------------

Since the WHO has set treatment outcome as an essential indicator in TB control programs,^[@bib7]^ treatment outcome was the primary outcome measured in this study. To evaluate patients' treatment outcomes, we examined their medical records (TB 01 forms) and cross-checked the data with the PHCs' TB records (TB 03 form). We used the definitions and classification of treatment outcome issued by the WHO, defining treatment outcome as successful if a patient had been cured or had completed TB treatment and as unsuccessful if a patient had been lost to follow-up, died or if the treatment had failed (Table [1](#tbl1){ref-type="table"}).^[@bib8]^

###### 

Primary and secondary outcomes in this study

  Outcomes                                 Definition
  ---------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary outcome: treatment outcomes      
  Successful treatment                     The sum of cured and completed TB cases
   Cured                                   A TB patient who had a positive sputum smear or culture at the beginning of TB treatment but had a negative sputum smear or culture in the last month of treatment and on at least one previous occasion
   Completed                               A TB patient who completed treatment but who, in the last month of treatment and on at least one previous occasion, did not have any proof of a negative sputum smear or culture result
  Unsuccessful treatment                   Died, failed or lost to follow-up
   Died                                    A TB patient who died for any reason during the course of treatment
   Failed                                  A TB patient who still had a positive sputum smear or culture after ≥5 months of TB treatment
   Lost to follow-up                       A TB patient whose treatment had been interrupted for ≥2 consecutive months
  Secondary outcome: treatment adherence   
   Good treatment adherence                A patient whose treatment had been successful and whose treatment period had not exceeded the expected end-of-treatment date by ≥14 d
   Poor treatment adherence                Sum of patients whose treatment period had exceeded the expected end-of-treatment date by ≥14 d and cases lost to follow-up

Since catastrophic costs are also assumed to reduce treatment adherence, we evaluated treatment adherence as a secondary outcome. However, there is no commonly agreed upon definition of TB non-adherence. By defining non-adherent patients as those who had missed at least one prescribed dose of TB drug, some studies use stringent criteria,^[@bib9],[@bib10]^ while other criteria are less stringent, such as having interrupted treatment for \>1 month or never having been under supervision.^[@bib11]^ We defined poor adherence as applying to a patient who had been lost to follow-up, indicating that he/she had not adhered to treatment, or to a patient whose treatment had been successful but the treatment period had exceeded the expected end-of-treatment date by ≥14 d. To assess the effect of catastrophic costs on treatment adherence, we excluded patients who had died and those whose treatment had failed.

Catastrophic costs {#sec2-3}
------------------

In the baseline study, we interviewed patients about the total TB-related costs their household had incurred since the pre-diagnostic phase until the they stopped treatment. We used the Tool to Estimate Patient Costs that has been adapted to the Indonesian context.^[@bib4],[@bib16]^ In compliance with the definition in the WHO handbook, total costs consisted of direct medical costs (i.e. administration costs, laboratory tests, X-ray examinations, drug costs, hospitalization costs and adverse drug effects costs), direct non-medical costs (i.e. transportation, food and the costs of food supplements) and income loss.^[@bib4]^ To calculate administration costs and food costs, we multiplied the number of visits by the administration fees and food costs incurred during visits. To measure the total transportation costs, we multiplied single travel costs for a return visit by the number of visits during treatment. The number of visits was recorded in the patient\'s medical record. If these data were missing or if a patient had become lost to follow-up, we calculated costs on the basis of the patient's average number of visits to the same PHC.

Income loss was estimated on the basis of the monthly income change reported in the baseline study. The monthly income change was calculated as the difference in income between that received before TB diagnosis and that received at the time of the interview. The monthly income loss was multiplied by the number of months patients had undergone TB treatment. Patients who earned an uncertain monthly income from jobs in the informal sector, such as taxi-bike drivers, often were unable to provide exact information on changes from one month to the next. To avoid underestimating the income loss of these patients, we used the human capital approach to estimate their income loss.^[@bib4]^ We collected the self-reported time that patients took to seek and receive healthcare and the hourly rate the patient working in the informal sector normally charged for his/her informal work. We used the following formula to obtain the total income loss: return trip in minutes for a typical visit × patient\'s income loss per minute×the number of visits over the course of treatment.

Patients may quit treatment due to their actual or expected future financial burden. Some patients may therefore not experience catastrophic costs at the time they quit treatment but would have experienced such costs if they had continued until treatment completion. For patients who were lost to follow-up, we therefore extrapolated the direct and indirect costs by multiplying their direct unit cost by the average number of visits of patients treated in the same PHC. To extrapolate their income loss, we multiplied their monthly income loss by the number of months in a standard period of full treatment.

In addition to TB-related costs, patients also reported their monthly household income. Per patient, we calculated annual household income in the year before he/she was diagnosed with TB. We calculated total costs as a share of annual household income, which was displayed as a percentage. If the percentage exceeded a specific threshold, e.g. 30%, we defined this as catastrophic costs.^[@bib17]^

Statistical analyses {#sec2-4}
--------------------

First, we analysed the association between catastrophic costs (as an independent variable) and treatment adherence and treatment outcomes (as dependent variables) using generalized linear mixed models (GLMMs) with a logit link function, generating crude odds ratios (cORs) for these associations. We used random effects to adjust for our cluster sampling design (19 PHCs). To determine the threshold at which catastrophic costs affect treatment outcomes and adherence, we ran the analysis using various thresholds (i.e. 10, 15, 20, 25, 30 and 35%). The threshold at which catastrophic costs were statistically significantly associated with treatment outcomes and treatment adherence was used for further analyses.

Next, we examined whether confounding had produced the association observed in the univariate analysis between catastrophic costs, treatment outcomes and treatment adherence. To assess whether the effect of costs had been confounded by other variables, we decided a priori to include all potential confounders for which we had data (i.e. age, sex, district, education, previous TB treatment, initial sputum result, hospitalization and adverse drug effect). To obtain adjusted ORs (aORs) and 95% confidence intervals (CIs), the potential confounders were analysed simultaneously in a multivariable analysis. Since catastrophic costs incorporate income in their calculation, we did not include household income level, breadwinner and job-loss variables as potential confounders in our multivariable analysis.

To assess the contribution of catastrophic costs to unsuccessful treatment outcomes in the population, we also estimated the population-attributable fraction (PAF) for our study population. This was calculated as \[P~pop~ × (OR−1)\]/\[P~pop~ × (OR−1) + 1\], where P~pop~ is the proportion of exposed subjects in the entire study population and OR is the odds ratio of catastrophic costs to unsuccessful treatment outcomes obtained from the multivariable analysis.

Poor treatment adherence in this study included patients who had been lost to follow-up and patients whose treatment period had been prolonged. As prolonged treatment may lead to higher direct and indirect costs (e.g. more healthcare visits, higher income loss), it may be the cause rather than the consequence of catastrophic costs. In our univariate and multivariable analyses, we therefore examined whether the association between catastrophic costs and treatment adherence was due to reverse causation. To do so, we simulated cost data for patients with a prolonged treatment period by adjusting their number of visits to the average number of visits of patients treated in the same PHC and, on the basis of their expected end-of-treatment date, by the number of months they had lost income. After recalculating the costs, we compared the incidence of catastrophic costs between the actual costs and recalculated costs and the effect of catastrophic costs on treatment outcomes. No such reverse effects were expected for patients who had been lost to follow-up, for patients whose treatment had failed or for patients who had died, as these patients' TB treatment had not been prolonged.

All data were cleaned and analysed using SPSS 21 (IBM, Armonk, NY, USA).^[@bib18]^ Costs and income data were entered in Indonesian rupiah (IDR) and were then converted to US dollars (US\$) using the average exchange rate for 2016 (US\$1 = IDR 13 389.41).^[@bib19]^

Results {#sec3}
=======

One year after patients had been interviewed, the medical records of 27 patients were missing and could not be tracked for reasons such as storage relocation, the renovation of a PHC building or a change of several persons in charge of the TB program in the PHCs. Three patients had moved to other healthcare facilities. In our analyses, we included 252 (89.4%) of the 282 subjects who had been interviewed in 2016 and whose treatment outcome and adherence had been recorded in 2017 (Figure [1](#fig1){ref-type="fig"}).

![Number of subjects in the 1-y cohort.](traa038fig1){#fig1}

TB treatment had been successful for 234 patients (93%). More than half of all patients (n = 141 \[56%\]) were cured, as indicated from sputum smear conversion from a positive smear to a negative smear at the end of treatment, while 93 patients (37%) had completed the treatment without proof of smear conversion. Treatment had been unsuccessful in 18 patients (7%): 3 patients had failed, 2 patients had died and 13 patients had been lost to follow-up. Most patients (n = 207 \[84%\]) had good treatment adherence. The treatment period had been prolonged in 27 patients (11%) and 13 patients (5%) had been lost to follow-up. Treatment outcome had been successful in all patients with a prolonged treatment period.

Most patients lived in a poor household (61%), had an income-earning job (74%), had smear-positive TB (66%) and had undergone category 1 TB treatment (the first-line treatment for susceptible TB patients who have not previously received TB treatment; 88%). (Table [2](#tbl2){ref-type="table"}) The median of total costs incurred by the patients was US\$118 (interquartile range \[IQR\] 455). The median of total costs as a share of annual household income was 9% (IQR 25). The incidences of catastrophic costs were 46, 38, 33, 26 and 22% at a threshold of 10, 15, 20, 25 and 30% of annual household income, respectively.

###### 

Subject characteristics

  Characteristics                                       Values
  ----------------------------------------------------- -----------
  Sociodemographic (n = 252)                            
  Age (years), n (%)                                    
   18--40                                               126 (50)
   41--60                                               93 (37)
   \>60                                                 33 (13)
  Sex, n (%)                                            
   Male                                                 135 (54)
   Female                                               117 (46)
  Household income level^a^, n (%)                      
   Poor                                                 153 (61)
   Non-poor                                             99 (39)
  Education level, n (%)                                
   Low                                                  87 (35)
   Middle                                               154 (61)
   High                                                 11 (4)
  Patient as breadwinner, n (%)                         
   Yes                                                  114 (45)
   No                                                   138 (55)
  Patient had earned money before diagnosis, n (%)      
   Yes                                                  187 (74)
    Fixed payment                                       83 (33)
    Uncertain                                           99 (39)
    Others                                              5 (2)
   No                                                   65 (26)
  Experienced job loss^b^, n (%)                        
   Yes                                                  73 (39)
   No                                                   114 (61)
  Clinical characteristics                              
  Category of treatment, n (%)                          
   Category 1                                           222 (88)
   Category 2                                           30 (12)
  Result of initial sputum test, n (%)                  
   Positive                                             167 (66)
   Negative                                             85 (34)
  Was hospitalized, n (%)                               
   Yes                                                  34 (13)
   No                                                   218 (87)
  Experienced adverse drug effect(s) , n (%)            
   Yes                                                  4 (2)
   No                                                   248 (98)
  Costs                                                 
  Total costs (US\$), median (IQR)                      118 (455)
  Costs as a share of annual income (%), median (IQR)   9 (25)
  Incidence of catastrophic costs, n (%)                
   Threshold of 10%                                     117 (46)
   Threshold of 15%                                     97 (38)
   Threshold of 20%                                     83 (33)
   Threshold of 25%                                     66 (26)
   Threshold of 30%                                     55 (22)
   Threshold of 35%                                     44 (17)

Household income was divided into two groups, poor and non-poor, on the basis of the World Bank definition that a household is defined as poor if the income per capita per day is ≤US\$1.90.

The percentages were calculated for those who had an income-earning job before diagnosis.

Our univariate analysis suggests that the odds of unsuccessful treatment outcomes were around two to three times higher for patients experiencing catastrophic costs compared with patients not experiencing catastrophic costs at thresholds of 10, 25 and 30% of annual household income (Table [3](#tbl3){ref-type="table"}). Nevertheless, the association was only statistically significant at the 0.05 level when using the 30% threshold (cOR 3.32 \[95% CI 1.13 to 9.69\], p = 0.03).

###### 

Associations between catastrophic costs and unsuccessful TB treatment outcome

  Variables                              Unsuccessful treatment^a^, n/N (%)   cOR (95% CI)          p-Value   aOR (95% CI)^b^        p-Value
  -------------------------------------- ------------------------------------ --------------------- --------- ---------------------- ---------
  Catastrophic costs, threshold of 10%                                                                                               
   Yes                                   12/117 (10.3)                        2.60 (0.87 to 7.80)   0.09      2.59 (0.78 to 8.63)    0.12
   No                                    6/135 (4.4)                          1                     1                                
  Catastrophic costs, threshold of 15%                                                                                               
   Yes                                   10/97 (10.3)                         2.21 (0.76 to 6.38)   0.14      2.31 (0.72 to 7.47)    0.16
   No                                    8/155 (5.2)                          1                     1                                
  Catastrophic costs, threshold of 20%                                                                                               
   Yes                                   8/83 (9.6)                           1.74 (0.61 to 4.97)   0.30      1.80 (0.55 to 5.88)    0.33
   No                                    10/169 (5.9)                         1                     1                                
  Catastrophic costs, threshold of 25%                                                                                               
   Yes                                   8/66 (12.1)                          2.65 (0.92 to 7.69)   0.07      3.03 (0.89 to 10.31)   0.08
   No                                    10/186 (5.4)                         1                     1                                
  Catastrophic costs, threshold of 30%                                                                                               
   Yes                                   8/55 (14.5)                          3.32 (1.13 to 9.69)   0.03      3.86 (1.11 to 13.38)   0.03
   No                                    10/197 (5.1)                         1                     1                                
  Catastrophic costs, threshold of 35%                                                                                               
   Yes                                   2/44 (4.5)                           0.53 (0.11 to 2.51)   0.42      0.53 (0.10 to 2.86)    0.46
   No                                    16/208 (7.7)                         1                     1                                

The number (%) of patients with unsuccessful treatment among those who experienced or did not experience catastrophic costs.

aORs of unsuccessful treatment comparing patients with and without catastrophic costs after adjustment for all potential confounders for which we had information (i.e. age, sex, district, education, previous TB treatment, initial sputum result, hospitalization and adverse drug effect).

After adjustment for potential confounders in the multivariable analysis, catastrophic costs at a threshold of 30% remained statistically significantly associated with unsuccessful treatment outcomes. At this threshold, the odds of unsuccessful treatment outcomes were 3.86 times higher (95% CI 1.11 to 13.38, p = 0.03) in patients who had experienced catastrophic costs than in patients who had not. Using this aOR, the PAF was 38.6%, meaning that 38.6% of unsuccessful treatment outcome cases were attributable to catastrophic costs. At the 10--25% thresholds, the pattern of associations was similar, with estimated ORs of around 2 to 3, but these associations were not statistically significant at conventional levels.

Our univariate analysis also suggests that catastrophic costs (at thresholds of 10--25%) were associated with poor treatment adherence: the odds of poor adherence were approximately twice as high in patients who had experienced catastrophic costs as in those who had not (Table [4](#tbl4){ref-type="table"}). However, these findings were statistically significant at the 0.05 level only when using the 15% threshold. At this threshold, the odds of poor adherence among patients who had experienced catastrophic costs were 2.12 times higher (95% CI 1.01 to 4.45, p = 0.046) than in those who had not. None of the other variables were statistically significantly associated with poor treatment adherence.

###### 

Associations between catastrophic costs and poor treatment adherence in actual calculation and recalculation adjusted to normal treatment period

                     Univariate analysis   Multivariable analysis                                                                                                             
  ------------------ --------------------- ------------------------ ------- --------------- ---------------------- ------ --------------------- ------- --------------------- -------
  Threshold of 10%                                                                                                                                                            
   Yes               23/114 (20.2)         1.94 (0.94 to 4.02)      0.08    23/114 (20.2)   1.94 (0.94 to 4.02)    0.08   2.11 (0.97 to 4.59)   0.059   2.11 (0.97 to 4.59)   0.059
   No                17/133 (12.8)         1                                17/133 (12.8)   1                             1                             1                     
  Threshold of 15%                                                                                                                                                            
   Yes               20/94 (21.3)          2.12 (1.01 to 4.45)      0.046   19/93 (20.4)    1.87 (0.89 to 3.91)    0.09   2.35 (1.08 to 5.14)   0.03    2.06 (0.95 to 4.46)   0.07
   No                20/153 (13.1)         1                                21/154 (13.6)   1                             1                             1                     
  Threshold of 20%                                                                                                                                                            
   Yes               17/80 (21.3)          1.88 (0.90 to 3.94)      0.09    15/78 (19.2)    1.47 (0.70 to 3.09)    0.31   2.03 (0.93 to 4.42)   0.08    1.55 (0.71 to 3.38)   0.27
   No                23/167 (13.8)         1                                25/169 (14.8)   1                             1                             1                     
  Threshold of 25%                                                                                                                                                            
   Yes               14/63 (22.2)          1.94 (0.90 to 4.16)      0.09    11/60 (18.3)    1.35 (0.690 to 3.01)   0.46   2.08 (0.93 to 4.65)   0.08    1.40 (0.60 to 3.26)   0.44
   No                26/184 (14.1)         1                                29/187 (15.5)   1                             1                             1                     
  Threshold of 30%                                                                                                                                                            
   Yes               11/52 (21.2)          1.65 (0.73 to 3.70)      0.23    9/50 (18.0)     1.26 (0.54 to 2.97)    0.59   1.71 (0.73 to 4.00)   0.22    1.29 (0.53 to 3.15)   0.58
   No                29/195 (14.9)         1                                31/197 (15.7)   1                             1                             1                     
  Threshold of 35%                                                                                                                                                            
   Yes               8/44 (18.2)           1.27 (0.52 to 3.08)      0.59    5/41 (12.2)     1.75 (0.27 to 2.10)    0.58   1.35 (0.54 to 3.37)   0.52    0.80 (0.28 to 2.31)   0.68
   No                32/203 (15.8)         1                                35/206 (17.0)   1                             1                             1                     

Recalculating costs if a patient with a prolonged treatment period finished his/her treatment on time.

Number (%) of patients with poor treatment adherence among those who experienced or did not experience catastrophic costs.

aORs of poor comparing patients with and without catastrophic costs after adjustment for all potential confounders for which we had information (i.e. age, sex, district, education, previous TB treatment, initial sputum result and hospitalization).

The association between catastrophic costs and poor treatment adherence was partly due to reverse causation. In other words, prolonged treatment had contributed to catastrophic costs. We evaluated the extent of reverse causation by conducting a simulation analysis for patients with prolonged treatment period. When we assumed that patients with extended treatment duration had finished their treatment on time, the strength of the association between catastrophic costs and treatment adherence decreased at the 15% threshold from a cOR of 2.12 to 1.87, at the 25% threshold from a cOR of 1.94 to 1.35 and at the 20% threshold from a cOR of 1.88 to 1.47. When also adjusting for potential confounders, catastrophic costs at the 10 and 15% thresholds were associated with a two times higher odds of poor adherence compared with patients without catastrophic costs (aOR 2.11 \[95% CI 0.97 to 4.59\], p = 0.059 and aOR 2.06 \[95% CI 0.95 to 4.46\], p = 0.07). At other thresholds, we have no evidence of such an effect.

Discussion {#sec4}
==========

Our study shows that catastrophic costs can have a negative impact on treatment outcome. Generally the odds of an unsuccessful treatment outcome were around two to four times higher among patients who experienced catastrophic costs compared with those who had not. While our findings were statistically significant at a threshold for catastrophic costs of 30%, there was an indication that this may also be the case at thresholds between 10 and 25%. The association between catastrophic costs and poor treatment adherence was more complex. Poor adherence can lead to higher costs. After adjustment for such reverse causation, we found that catastrophic costs at the 10 and 15% thresholds were associated with an around two times higher odds of poor treatment adherence compared with patients who had not experienced such costs, with no effect at other thresholds.

While there is currently no agreement on the specific threshold of catastrophic costs for research and policymaking, various studies have defined this threshold as 20% of annual household income, as suggested by the WHO through their task force.^[@bib3],[@bib16],[@bib20]^ However, there is little evidence on whether the use of this threshold accurately reflects the effect of catastrophic costs on treatment outcomes and treatment adherence. Until now, the only study that assessed the association between catastrophic costs and poor treatment outcome was a Peruvian study (2014) that suggested a threshold of 20%.^[@bib5]^ The study included MDR-TB patients who incurred higher costs; also in that study, MDR-TB was found to be one of the determinants of poor outcomes. Different from the Peruvian study, our study focused on susceptible TB patients. We found that at a 30% threshold, catastrophic costs lead to poor treatment outcomes, which, in our study, mostly consisted of patients who were lost to follow-up.

At a lower threshold (15%), catastrophic costs were associated with poor treatment adherence (prolonged treatment period or lost to follow-up). This association was due partly to reverse causation. Patients who did not adhere to their treatment course had to catch up with it, either under the orders of the PHC health staff (in order to comply with NTP guidelines) or because they were self-motivated and wished to minimize the risk of recurrence. The additional visits needed to complete the full treatment course led to higher costs and greater income loss, which in some cases led to catastrophic costs. At the same time, even after accounting for such reverse causation, catastrophic costs still negatively affected treatment adherence at thresholds of 10--15%. Due to the size of our study and lack of statistical power, although there is an indication of a similar effect at thresholds of 20--30%, we need to be cautious to draw firm conclusions with respect to these levels.

With regard to future global policy, our study provides evidence that can inform a review of the threshold at which catastrophic costs should be measured. If these catastrophic costs are thought to affect patient adherence, the threshold of 15% of annual household income might be considered to define catastrophic costs. When considering TB treatment outcomes, the threshold of 30% of annual household income might be used to define catastrophic costs. Nevertheless, as also suggested by the WHO,^[@bib20]^ the threshold for defining catastrophic costs may vary between countries and should be carefully assessed from one setting to the next.

This study is the first cohort study on TB-related catastrophic costs, treatment adherence and treatment outcomes in Indonesia. Although we collected data from urban, suburban and rural areas of Indonesia, all these areas were located on the island of Java, which is home to 60% of the Indonesian population. Therefore our findings may not apply directly to eastern Indonesia and to the country\'s other remote areas, where healthcare facilities are scarcer---a factor that may affect treatment outcomes and treatment adherence. Similarly, as our study was conducted only in PHCs, its findings may underestimate the costs of the treatment given by private providers (which are assumed to be higher), while simultaneously overestimating treatment adherence, which may be lower among patients who are treated by private providers.^[@bib21]^ It is also uncertain whether our findings will apply to high TB burden countries in which TB service delivery is different. Finally, the precise effect estimates in our study remain uncertain due to the limited sample size of the study. While our study is the first to provide evidence for Indonesia on the effects of catastrophic costs on treatment outcomes and treatment adherence, and one of the very few studies that do so for high TB burden countries more generally, larger studies are warranted.

We conclude that catastrophic costs negatively impact TB treatment outcomes and TB adherence at the various thresholds of annual household income. This highlights the need for TB control interventions to properly address both the clinical and socio-economic aspects of the disease.
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